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PROBLEM TO BE SOLVED: To produce a Co-Ni-Fe-B alloy electroplating thin film 
showing high saturation magnetic flux density and small coercive force by 
performing electro plating in an acid bath containing Co2+, Mi2+, Fe2+ as sulfates 
and containing dimethylamine borane. 

SOLUTION: Electroplating is performed in an acid soln. of about pH=2 to 4 
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anisotropic magnetic field, almost zero magnetostriction const, and excellent 
performance for writing and reading can be obtd. The obtd. film is useful for a 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is the manufacture approach of the plating thin film mainly used 
as the magnetic substance of the thin film magnetic head suitable for the magnetic recording of high 
density, and saturation magnetic flux density is high and is related with the manufacture approach of a 
Co-nickel-Fe-B alloy electroplating thin film with a very low magnetostriction constant low [ coercive 
force ]. 
[0002] 

[Description of the Prior Art] In recent years, the plating thin film is broadly used for electronic parts 
etc. not only as an ornament and the object for corrosion prevention but as a functional thin film. For 
example,.the permalloy alloy thin film manufactured by the galvanizing method as the magnetic 
substance is used for the thin film magnetic head of the hard disk drive which is the external storage for 
computers. The permalloy plating thin film by which a permalloy is a typical soft magnetism thin film 
material, and especially current use is carried out is the nickel-Fe alloy (nickel means about 82 atoms % 
and Fe means the alloy of about 18 atoms %.) of 18 about 82/. the same notation approach is used also 
in the following publications ~ it is — the point that a magnetostriction constant has 0 or a negative 
value slightly is the special feature. 

[0003] About the hard disk drive, the demand to large-capacity-izing and a miniaturization is becoming 
strong every year, the densification of record progresses in connection with it, and the ingredient which 
has saturation magnetic flux density high as the magnetic substance of a head has been required. 
However, if Fe content is made to increase in order to obtain higher saturation magnetic flux density by 
the permalloy film, since a. magnetostriction constant increases, reproducibility ability will become 
unstable. Therefore, by the permalloy film, a limitation is in high saturation-magnetic-flux-density- 
ization. 

[0004] Drawing 4 is drawing showing distribution of the saturation magnetic flux density in the Co- 
nickel-Fe system alloy of 3 yuan. Highly [ saturation magnetic flux density ], since the magnetostriction 
constant of the field shown in A while being shown in this drawing is also small, it is expected by it that 
it is promising as a magnetic-substance ingredient of the thin film magnetic head. Also in U.S. Pat. No. 
4,661,216, the magnetostriction constant is indicated by 0 about the high Co-nickel-Fe system alloy- 
plating thin film of 3 yuan of saturation magnetic flux density. However, in the field of A, as shown in 
drawing 5 , although a magnetostriction constant decreases with reduction of Fe content, saturation 
magnetic flux density decreases rapidly, and also coercive force also increases. Therefore, the present 
condition is that the magnetic plating thin film for the thin film magnetic heads replaced with tiie 
permalloy which wrote in and was suitable for the both sides of reading is not yet developed. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention is the manufacture approach of the alloy 
electroplating thin film mainly used as the magnetic substance of the thin film magnetic head suitable 
for high density magnetic recording, its saturation magnetic flux density is high, and coercive force and 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/1 1/07 



JP,09-041183,A [DETAILED DESCRIPTION] 



Page 2 of 3 



its anisotropy field are small, and a magnetostriction constant aims at offering the manufacture approach 
of a Co-nickeUFe-B alloy electroplating thin film of having excelled in near, writing, and the reading 
engine performance 0. 
[0006] 

[Means for Solving the Problem] As mentioned above, with the Co-nickel-Fe system alloy-plating thin 
film of 3 yuan, coercive force also goes up by the presentation with high saturation magnetic flux 
density to the top where a magnetostriction constant is large. Then, in order that saturation magnetic flux 
density might reduce a magnetostriction constant and coercive force to a high top and might control the 
rise of an anisotropy field further, this invention person examined adding an additive to the plating bath 
in the case of the Co-nickel-Fe system alloy plating of 3 yuan, and completed this invention. 
[0007] The sununary of this invention is the manufacture approach of the Co-nickel-Fe-B alloy 
electroplating thin film characterized by performing electroplating in the acidic bath which contains 
dimethylamine borane and/or trimethylamine borane further including Co2+, nickel2+, andTe2+ as a 
sulfate and/or a hydrochloride. 
[0008] 

[Function] The diameter of crystal grain is in one of the factors which affects the coercive force of the 
magnetic substance. With a dissolution ingredient, in order that the grain boundary may control the 
interaction between the magnetic moments, crystal grain serves as a single magnetic domain in many 
cases. In this case, a crystal magnetic anisotropy, the magnetic shape anisotropy of crystal grain, etc. act 
strongly. A magnetic anisotropy expresses the ease of rotating of internal magnetization, and the matter 
shows soft magnetism, so that a magnetic anisotropy is low. A permalloy and Sendust show typical soft 
magnetic characteristics, because the crystal magnetic anisotropy is small. 

[0009] If the diameter of crystal grain is decreased where a magnetic interaction is cut off so that crystal 
grain may make a single magnetic domain that is, since magnetization rotation becomes difficult, soft 
magnetic characteristics will deteriorate and coercive force will increase. With a magnetic-medium 
ingredient, in order to increase coercive force, the method of decreasing the diameter of crystal grain is 
well used by adding B and P. 

[0010] However, if the diameter of crystal grain is decreased further, a magnetic interaction will come to 
work between the crystal grain which there is no magnetic interaction and was isolated, and a magnetic 
domain will become larger than crystal grain. Thus, if crystal grain fully makes it detailed compared 
with magnetic-domain structure, a crystal magnetic anisotropy will stop acting, a magnetic anisotropy 
will become small, soft magnetism will come to be shown, and coercive force will decline. For this 
reason, the ingredient in which soft magnetism was not shown since the crystal magnetic anisotropy was 
large can also turn into soft magnetic materials by making crystal grain detailed. 
[001 1] In this invention, trimethylamine borane and dimethylamine borane are added for using such 
effectiveness during the Co-nickel-Fe system alloy-plating bath of 3 yuan, by adding B, crystal grain 
makes it detailed enough and coercive force becomes small. Moreover, the plating bath used by this 
approach includes either dimethylamine borane and trimethylamine borane and its both sides as an 
additive which supplies B including Co, nickel, and Fe as a sulfate, hydrochlorides, or those both sides. 
The concentration of Co, nickel, and Fe under plating bath is adjusted according to plating conditions. In 
order to obtain the film with a more small magnetostriction constant, the lower one of Fe concentration 
under bath is good. 

[0012] As for dimethylamine borane, trimethylamine borane, or the addition of these sum totals, it is 
desirable that they are below 0.05g[/l. ] or moreO.2 g / liter. L. is not enough as reduction in coercive 
force in less than 0.05g /. Moreover, in 0.2 g / liter **, the increment in an anisotropy field becomes 
remarkable. Moreover, as for this addition, it is still more desirable that they are below 0.2 g / liter more 
than 0.1 g/ liter. 

[0013] As for pH of a plating bath, it is desirable that it is [ or more 2 ] four or less. Oxidation of Fe2+ 
starts in 4 **. Moreover, less than by two, while hydrogen occurs on a plated object front face and 
control of plating thickness becomes difficult, it becomes the plating film ruined [ a front face's ]. 
[0014] 
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[Example] Drawing 1 (a) (b) The manufacture trial of a Co-nickel-Fe-B plating thin film was performed 
using the paddle churning mold plating tub of the configuration shown in a top view and a type section 
Fig., respectively. 

[0015] The plating tub 1 is a product made of acrylic resin, the cathode 2 which installed the wafer 
which is galvanized material is arranged at the lower part, and the anode 3 is arranged in the upper part. 
A paddle 4 reciprocates the inside of the plating tub 1. Temperature, pH, and concentration are managed 
in its passage within a plating bath, it is supplied with a pump, overflowing liquid is collected, and 
plating liquid returns to a plating bath again. A flow rate is adjusted by the positive crankcase ventilation 
valve. 

[0016] The wafer made the permalloy alloy film (thickness 1000 **) form as substrate film by the 
spatter on the occasion of use using the sintered compact of a glass substrate or an alumina, and titanium 
carbide. 

[0017] The used plating liquid cobah sulfate 7 hydrate 0.055 mol / liter, 0.055 mol / liter, and nickel- 
sulfate 6 hydrate for cobalt chloride 6 hydrate 0.1 15 mol / liter, 0.1 15 mol / liter, and iron-sulfate 7 
hydrate for nickel chloride 6 hydrate 0.01 mols/1. Trimethylamine borane or dimethylamine borane is 
included. Further a way acid as a buffer for pH Ten mols/1. 0.1 g / liter addition of the sodium dodecyl 
sulfate were carried out for saccharin sodium as a surface active agent of 1.5 g / liter, and the plating 
film for stress reduction of a plating thin film. Moreover, pH.of plating liquid uses a hydrochloric acid 
and is 3.0. It adjusted. The temperature of plating liquid was set as 35**0.1 ** with the electronic 
thermostat. The plating liquid supply flow rate to a plating tub was made into 41./m. 
[001 8] A test result is shown in drawing 2 and drawing 3 . Drawing 2 is drawing showing the addition 
under plating bath of trimethylamine borane, and the relation of the coercive force of the plating film. 
By adding trimethylamine borane into the plating bath, effectiveness remarkable in coercive force 
reduction of the plating film was accepted. However, trimethylamine borane is 0.5 g. Even if added 
above, reduction of the coercive force beyond it was not accepted. Drawing 3 is drawing showing the 
addition under plating bath of trimethylamine borane, and the relation of an anisotropy field. The 
anisotropy field increased in monotone by adding trimethylamine borane into a plating bath. The same 
inclination was checked also when dimethylamino borane was added during a plating bath. 
[0019] 

[Effect of the Invention] The Co-nickel-Fe-B plating thin film of this invention has high saturation 
magnetic flux density, coercive force is small, and the magnetostriction constant is suitable as the 
magnetic substance of the thin film magnetic head which excelled [ anisotropy field / near and ] in 
writing and the reading engine performance so greatly 0. This plating thin film can be manufactured by 
applying this invention method. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Co2+, nickel2+ And the manufacture approach of the Co-nickel-Fe-B alloy electroplating thin 
film characterized by performing electroplating in the acidic bath which contains dimethylamine borane 
and/or trimethylamine borane further including Fe2+ as a sulfate and/or a hydrochloride. 
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